DRB1 (HYL1) is a double-stranded RNA binding protein involved in miRNA processing in plants. 8 It is a core component of the Microprocessor complex and enhances the efficiency and 9 precision of miRNA processing by DCL1 protein. In this work, we report a novel function of 10 DRB1 protein in the transcription of MIR genes. DRB1 co-localizes with RNA Polymerase II and 11 affects its distribution along MIR genes. Moreover, proteomic experiments revealed that 12 DRB1 protein interacts with many transcription factors. Finally, we show that the action of 13 DRB1 is not limited to MIR genes as it impacts expression of many other genes, majority of 14 which are involved in plant response to light. These discoveries add DRB1 as another player 15 of gene regulation at transcriptional level, independent of its role in miRNA biogenesis. 16 
Introduction

19
MicroRNAs (miRNAs) are small ~21nt RNA molecules that play vital role in post-transcriptional 20 regulation of gene expression (Bartel 2004) . miRNAs are involved in a vast range of metabolic 21 processes and hence act as regulatory molecules in overall plant development, for example in 22 processes like determination of leaf shape, flowering time and response to environmental (Xie, Allen et al. 2005 ) and the primary transcripts (known as primary-miRNAs; pri-miRNAs) 26 contain a stem-loop region. The pri-miRNAs are then cleaved to release mature miRNAs by 27 a complex of enzymes known as the Microprocessor. Notably, the stem-loop region of pri-28 miRNAs serves as a mark for the Microprocessor to recognize and start processing the pri-29 miRNAs Watanabe 2004, Dolata, Taube et al. 2018) . Microprocessor is a complex of three core proteins, Dicer Like 1 (DCL1), Double-stranded RNA Binding protein 1 31 (DRB1) (also known as Hyponastic Leaves 1 (HYL1)) and Serrate (SE) (Yang, Liu et al. 2006 , 32 Fang and Spector 2007, Dong, Han et al. 2008 , Dolata, Taube et al. 2018 ). DCL1 is a RNAse III 33 type enzyme that cuts and releases miRNA/miRNA* from pri-miRNAs in a two-step reaction 34 (Park, Li et al. 2002 , Reinhart, Weinstein et al. 2002 . DRB1 and SE assist and increase the 35 accuracy of pri-miRNA cleavage by DCL1 (Kurihara, Takashi et al. 2006 ). All three of these core 36 components are necessary for proper functioning of Microprocessor and in mutants of any of 37 these proteins, pri-miRNAs accumulate and mature miRNAs are downregulated (Laubinger, 38 Sachsenberg et al. 2008, Szarzynska, Sobkowiak et al. 2009 , Zielezinski, Dolata et al. 2015 . 39 Two modes of Microprocessor mediated pri-miRNA cleavage have been described: base to 40 loop (first cut at the base, second closer to the loop structure) and loop to base (first cut in 41 the loop and second closer to the base), depending on the directionality of DCL1 cleavage 42 Watanabe 2004, Bologna, Mateos et al. 2009 ). 43 DRB1, a double stranded RNA binding protein, contains two double stranded RNA binding 44 domains (dsRBDs) in its N-terminal region followed by a nuclear localization signal (NLS) and 45 an unstructured C-terminal region (Yang, Chen et al. 2010) . DRB1 is considered to form 46 a homodimer and bind the miRNA/miRNA* duplex region of pri-miRNA ( shown to bind regions in the proximity of many gene promoters (not just MIR genes) and 60 consequently Drosha knockdown in HeLa cells negatively impacts gene transcription (Gromak, 61 Dienstbier et al. 2013). Similarly, in plants, co-transcriptional processing of plant pri-miRNAs 62 has been proposed through the association of DCL1 with the chromatin and Elongator 63 complex (Fang, Cui et al. 2015) . However, presence of pri-miRNA transcripts is necessary for 64 the association of DCL1 with chromatin. Since the interaction between DCL1 and DRB1 has 65 been established, here we ask whether it possible that DRB1 is also involved in the 66 transcription of MIR genes?
67
Results
68
DRB1 is a positive regulator of MIR gene transcription. 69 To investigate the possibility that DRB1 protein is involved in the transcription of MIR genes 70 we used a GUS reporter line system. We independently crossed two reporter lines with GUS 71 under two different MIR gene promoters (pMIR393A:GUS and pMIR393B:GUS (Parry, 72 Calderon-Villalobos et al. 2009)) in the wild type (Col-0) background with hyl1-2 mutants 73 (DRB1 knockout mutants). We observed that the expression of GUS protein driven by MIR 74 gene promoter was remarkably lower in hyl1-2 background as compared to Col-0 ( Fig. 1A ). We 75 measured the level of GUS transcripts in pMIR393A:GUS, pMIR393B:GUS, 76 pMIR392A:GUSxhyl1-2, and pMIR392B:GUSxhyl1-2 reporter lines using RT-qPCR and 77 observed a significant decrease in the level of GUS transcripts in pMIR392A:GUSxhyl1-2, and 78 pMIR392B:GUSxhyl1-2 plants. Additionally, we also tested the levels of pri-miRNA393A and 79 pri-miRNA393B in the obtained lines and as expected, these pri-miRNAs were upregulated in 80 the hyl1-2 mutant background ( Fig. 1B) . These data indicate that DRB1 which is involved in 81 pri-miRNA processing may also regulate the transcription of MIR genes. However, it is also 82 possible that the strong downregulation of GUS expression in the hyl1-2 background is caused 83 by a feedback mechanism in which the global downregulation of miRNAs in hyl1-2 results in 84 an upregulation of a yet unidentified transcriptional factor(s) that in turn inhibits MIR393A 85 and MIR393B transcription. To address this question, we decided to restore the miRNA levels 86 in the reporter lines within hyl1-2 background. For this purpose we crossed these lines with a 87 in the gene body of MIR genes in hyl1-2 mutant in comparison to wild-type plants (Fig. 3D) . 176 ChIP-seq data also confirmed the results obtained for MIR393A gene (Fig. S3A ). Our data 177 suggests that DRB1 acts a positive factor for RNA Pol II to transition through initiation to 178 elongation.
179
Knockdown of DRB1 affects gene expression of many genes. 180 We were interested whether DRB1 could also affect transcription of other genes transcribed 181 by RNA Pol II. To investigate this possibility, we analyzed publicly available transcriptomic data 182 obtained from wild-type and hyl1-2 mutant plants. Theoretically, in hyl1-2 mutant, a generally 183 low level of miRNAs should be accompanied by a general upregulation of miRNA targets. On 184 the contrary, we noticed that approximately half (1531 genes) of differentially expressed 185 genes (DEGs) (3036 genes) in hyl1-2 mutants are downregulated as compared to wild-type 186 plants (Fig. 4A ). We then compared these results with the transcriptomic data obtained from 187 se-3 mutant. Our analysis showed that almost half of the DEGs are common between se-3 188 mutant and hyl1-2 mutant, indicating that the functions of DRB1 and SE proteins overlap ( Fig.   189 4B). Interestingly, there is a big group of DEGs which are specifically downregulated in hyl1-2 190 mutant plants (769 genes). In agreement with our ChIP-seq data, RNA Pol II occupancy (on TSS 191 and gene body) was markedly increased in genes (not limited to MIR genes) whose 192 transcription was affected only by DRB1 (Fig. 3E) . Gene ontology analysis showed that proteins 193 encoded from these genes localized mostly in chloroplasts (Fig. 4C) . Additionally, the biggest 194 group of genes downregulated in hyl1-2 mutant is involved in biological processes of 'plastid 195 organization' according to our gene ontology analysis (Fig. S3B) . It was known that light is an 
